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With the increasing threat of environmental pollution and energy crisis, it is 
becoming an increasingly urgent necessity to develop novel and efficient technologies 
for harvesting energy from ambient environment. Among various energy sources, 
mechanical energy is one of the most effort-attracting candidates because it 
universally exists in our living environment, but usually goes to waste. In this regard, 
nanogenerators, which utilize nanostructures for converting environmental 
mechanical energy into electricity, have been developed as a very effective and 
practically-applicable technology since 2006. Recently, along the progressive track of 
this area, triboelectric nanogenerators (TENGs) have emerged as a promising 
sub-category based on the conjunction of triboelectrification and electrostatic 
induction. With the numerous advantages such as simple fabrication, low cost, light 
weight, small volume and high efficiency, TENGs are not only becoming 
unprecedented technology for mechanical energy conversion, but also showing a great 
potential as self-powered active sensors. 
In this dissertation, TENGs based on different working modes have been 
fabricated for harvesting different kinds of mechanical energy sources. The generators 
have been systemically investigated through working principle, theoretical simulation, 
electrical output measurement, and practical applications. After that, several important 
conclusions have been achieved: 
1. A novel rotary triboelectric nanogenerator has been developed for effectively 
harvesting wind energy, especially weak-wind available outdoors. The relationship 
between wind speed and electrical output of the device has been demonstrated, 
showing great potential in self-powered wind speed sensor system. 
2. A multi-layered disk triboelectric nanogenerator has been developed. The 
superposition relationship of multiple layers which are integrated and working 
synchronized has been demonstrated through theoretical simulation and electrical 













3. A new working mode of triboelectric nanogenerator-freestanding mode-has 
been developed. The operation principle of this mode has been carefully investigated 
through theoretical simulation and electrical measurement. This device can be 
operated under both contact and non-contact condition. A road-installed generator 
system has been introduced for effectively harvesting mechanical energy from people 
walking. 
4. A grating-structured freestanding triboelectric-layer nanogenerator has been 
developed. By introducing finer grating structure into the structure, the generator can 
produce enhanced electrical output, which has been demonstrated by theoretical 
simulation and electrical measurement. The highest total energy conversion efficiency 
of 85% has been recorded by experiment. Moreover, a wearable mechanical energy 
harvester has been introduced for effectively harvesting vibration energy from people 
walking. 
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于 2011 年 6 月发布的《2020 年世界技术展望》报告预测，到 2020 年全球能源





在 20世纪 70年代初和 20世纪 70年代末到 80年代初就曾发生过两次石油危机，
给世界经济造成了巨大的影响。目前，石油、煤炭等不可再生能源正在不断减少，
能源供需不平衡的关系也在不断恶化。大面积范围内石油短缺或中断使得油价大


























































































这一发电模式产生于 20 世纪 70 年代，并逐渐从起初使用的独立小型风力发电机
发展成为并网的大型风力发电机组。目前各国都建立了许多大规模风电厂。到


















表 1-1  全球风电市场增长率 
年份 新增装机/MW 增速/% 累计装机/MW 增速/% 
2006 15245  74052  
2007 19866 30 93820 27 
2008 26560 34 120291 28 
2009 38610 45 158864 32 
2010 38828 1 197637 24 
2011 40564 4 237669 20 
资料来源：GWEC, Globle Wind Report 2011. 
 
    如上图数据所示，从 2006 年至 2011 年，全球风能市场有着极大幅度的增长
率。截止 2011 年，全球新增装机的容量达到了 40564 MW，累计装机产电容量
达到了 237660 MW。上图还反映了一个重要特点：在 2010 年和 2011 年，全球
的风能发电产业达到了一个比较稳定的市场水平。 
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